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(57) ABSTRACT

A display device includes a plurality of pixels. At least one
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and then passes through the color filter layer. The color filter
layer includes a green pigment and a yellow pigment.

7 Claims, 10 Drawing Sheets

60
Tramsmitance 20 [T e
(%) 40
K 4 i et
L R A S S
10 o
380 430 430 530 380 630 680 730 780

Wavelength(nm)



US 11,963,421 B2

Sheet 1 of 10

Apr. 16, 2024

U.S. Patent

VI DId

051

14!

¢l

OTT~

~¢O1

91—

0CI—~

AR

eI T

~—91
—eel

~pel



US 11,963,421 B2

Sheet 2 of 10

Apr. 16, 2024

U.S. Patent

d1 ‘DIH
pS1 pr ¢S 151 Ol IS st 051
ady N Ut U0 (g
OrT~ | . \ L | ] L | ] . |+
/] B L B I B e ']
b — = — - — - ST
= — jii — jTT — j;#l -
e e e — == Lt
Omﬁ\/\\ \ll /|\\ | ,/|\ /|\ \l/ /’
~ ¢l
174! el el ¢l



U.S. Patent

) 103
e

S
—
=5
i
o
\O
—
C\] /,L-g ,,,,,,,
o
H—<
____________
—
o™
‘__¢—<

Apr. 16, 2024

180

Sheet 3 of 10

US 11,963,421 B2

T-110

N—112

FIG. 2




US 11,963,421 B2

Sheet 4 of 10

Apr. 16, 2024

U.S. Patent

¢ DId

(W) ISUSTOAR A

0e9 08¢

0¢

S 08y 9% 08¢

01
0¢
0¢
Ov
08
09
0L
08
06

(%)
QOURYILISURI],



US 11,963,421 B2

Sheet 5 of 10

Apr. 16, 2024

U.S. Patent

7 "DId

(wu)(D) PSus[eAL Ay WSTT URID)
JO QOUBNTWISURI], WNIXRIA JO SN[BA Y8

$yS Ovs $E6 0es $CS 0cs

01

0C

0¢

ov

0c

W

09

0L

08

06

(%)(R)
Q3vIUAIJ

[BELIQIRIA UID)



US 11,963,421 B2

Sheet 6 of 10

Apr. 16, 2024

U.S. Patent

¢ DI

(Wu)(D) PEU[AB AN YT UL
JO QOUBNIWSURI], WNIYRIA JO SN[BA YBoJ

$¥S Ovs $ES 0es $CS 1769

01

0¢

0t

ov

0¢

09

0L

08

06

(%)(X)
23vIU0I ]

[PLIQIBJA USRID)



U.S. Patent Apr. 16,2024 Sheet 7 of 10 US 11,963,421 B2

121 ]22 123 124 121 122
155 154152 153 150 ]55 154

1SObNL\H‘H* -(/104

154+ 110

0 141 142 142H140H141 —

115 \129

155 154152 153 130 155
/

1501 |
S v A

140 141 HmzH 142H14o Hm}—
115 129

159&\ 152 153 150 159
150""'¢ ¢ ""{)""7""7"J/ J/'( <

/\/Mﬂ "W W m 154 44
1
140 F 141 {142 1 2H]4OH141)—

115
156/ v

PR

155 s
1541?2 1%3 150 155

) S S Vs

| ] | E | D4 104
110

140 [{ 141 {142 F{ 142 [{ 140 Hm —

115 \129

0 151

e

1

(-]

154

|

}-—‘,_.\

\129

151 154152 153 150
150 60

W W W W W w154
110
140H141H142H142H140H141}—
115 129

FIG. 6A



U.S. Patent Apr. 16,2024 Sheet 8 of 10 US 11,963,421 B2

121 122 123 124 121 122

150-, 155, 208 g 18 7
154%141A142 HMQHM@ Am 154
) |

110

/ i
154 129
105
150 155. 152 153 150 ;5
156
154““140*141#142 Hmzﬂmo hm ;:154

110

154 129

lsgaNW 152 153 150 de /105

— | S———

gg:mm Amz Hmz Hmo hm ;j?;
)

110

/
154 129

/ 56! 105

136 152 153 M
150 156
154 14OH141H142 HMQHM@ hm #154
)

110

129
- 151\% 152 153 150 gg //105
154}14@”41%42 H142H140 Hm )h“154
)

110

/
154 129

FIG. 6B



U.S. Patent Apr. 16,2024 Sheet 9 of 10 US 11,963,421 B2

121 122 123 124 121 122
155

5 170
152 153 ( 150
170 \
170
150\/‘4::| i 1 L
110 106
mwﬂmHmuu@Hmwumk—’//ﬁ

115 “129

170 170 170 170N/ /155
156\«557’i112 ilig ilig ﬁ 397
170 o e 170
so——1 - e
110 106
mwmmHmum@Hmmef—///ﬁ

115 \\129

170 170 170 170

O 151 ilsz i153 ilSOﬁ /151
17 170
150 —£ L

110 106
m%ﬂmHmﬂﬂmHmwﬂmk—///u

115 ‘~129

170 170 170 170 170
151 152 153 ( 150 (151 181

0 I I I I BN Eal
150 n /K///»~&O6

140}{141}4142}*142}{140}{141}--

115 ‘\129

170 170 170 170 170
(151 (152 (153 (150 ( 151 181

PSS B8 e e

110

140 F 141 F{142 F 142 {140 {141
—
FIG. 7TA

129



U.S. Patent Apr. 16,2024 Sheet 10 of 10 US 11,963,421 B2

121 122 123 124 121 122

155 170 170
150 170 152 153 150 1

170 :
Jllzglmlm 142 10 141H/

110

156 156

170 170 V.
150 155\- 152 153 150 %55

140 141!142!142!14@ 141)

110 129

107

150

150
17O;il
140 141 ‘142 1 140
110

170 _ 170 170
<151 ( 152 153 1?1 181

L1s0( 19
170“140!141!142!142!140lm, /107

110 —129




US 11,963,421 B2

1
DISPLAY DEVICE

BACKGROUND OF THE DISCLOSURE
1. Field of the Disclosure

The present disclosure relates to a display device, and
more particularly to a display device with a color filter layer
including a green material and a yellow material.

2. Description of the Prior Art

An organic light-emitting diode (OLED) is a light emit-
ting element with various applications. However, the color
quality or the light intensity of the output light (such as green
light) of the current display devices including organic light-
emitting diodes still needs further improvement.

SUMMARY OF THE DISCLOSURE

In view of this, the present disclosure proposes a display
device which is able to improve the color quality of output
light or to enhance the green light intensity of the output
light.

According to one embodiment of the present disclosure,
a display device is provided. The display device includes a
plurality of pixels. At least one of the pixels includes a green
light wavelength conversion layer, a color filter layer, and a
light path. The light path passes through the green light
wavelength conversion layer and then passes through the
color filter layer. The color filter layer includes a green
material and a yellow material. The green material includes
a green pigment or a green dye or a combination thereof. The
yellow material includes a yellow pigment or a yellow dye
or a combination thereof.

According to the display device of the embodiments of
the present disclosure, the peak value of the maximum
transmittance of the green light wavelength of the green
color filter layer may be substantially the same as the peak
value of the emission of the light wavelength of the green
light wavelength conversion layer by adjusting the mixing
ratio of a weight of the green material to a total weight of the
green material and the yellow material. In such a way, the
problem of blue light leakage may be improved, to enhance
the color quality of the output light, or to improve the green
light intensity of the output light.

These and other objectives of the present disclosure will
no doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the
embodiment that is illustrated in the various figures and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a cross-sectional view of a structure of the
display device according to an embodiment of the present
disclosure.

FIG. 1B is a cross-sectional view of a structure of a
display device according to a variation of the embodiment of
the disclosure.

FIG. 2 is a cross-sectional view of a structure of a display
device according to another embodiment of the present
disclosure.

FIG. 3 is a schematic diagram showing a comparison
between the wavelength of the green color filter layer after
the improvement and the green color filter layer before the
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improvement regarding transmittance in the display device
according to the embodiment of the present disclosure.

FIG. 4 is a schematic diagram showing the relationship
between the peak value of the maximum transmittance of the
green light wavelength and the different mixing ratios of a
weight of the green material to a total weight of the green
material and the yellow material in the green color filter
layer of the display device according to the embodiment of
the present disclosure.

FIG. 5 is a schematic diagram showing the relationship
between the peak value of the maximum transmittance of the
green light wavelength and the different mixing ratios of a
weight of the green material to a total weight of the green
material and the yellow material in the green color filter
layer of the display device according to the embodiment of
the present disclosure.

FIG. 6A is a schematic flow of a method for manufac-
turing a filter layer by a coating process for a bottom-
emitting type display device according to one embodiment
of the present disclosure.

FIG. 6B is a schematic flow of a method for manufac-
turing a filter layer by a coating process for a top-emitting
type display device according to another embodiment of the
present disclosure.

FIG. 7A is a schematic flow of a method of manufacturing
a filter layer by an inkjet printing process for a bottom-
emitting type display device according to another embodi-
ment of the present disclosure.

FIG. 7B is a schematic flow of a method of manufacturing
a filter layer by an inkjet printing process for a top-emitting
type display device according to another embodiment of the
present disclosure.

DETAILED DESCRIPTION

The present disclosure may be understood by reference to
the following detailed description, taken in conjunction with
the drawings as described below. For purposes of illustrative
clarity understood, various drawings of this disclosure show
a portion of the electronic device, and certain elements in
various drawings may not be drawn to scale. In addition, the
number and dimension of each device shown in drawings
are only illustrative and are not intended to limit the scope
of the present disclosure.

Certain terms are used throughout the description and
following claims to refer to particular components. As one
skilled in the art will understand, electronic equipment
manufacturers may refer to a component by different names.
This document does not intend to distinguish between
components that differ in name but not function. In the
following description and in the claims, the terms “include”,
“comprise” and “have” are used in an open-ended fashion,
and thus should be interpreted to mean “include, but not
limited to”.

When an element or a layer is referred to as being “on” or
“connected to” another element or layer, it may be directly
on or directly connected to the other element or layer, or
intervening elements or layers may be presented. In contrast,
when an element is referred to as being “directly on” or
“directly connected to” another element or layer, there are no
intervening elements or layers presented. In addition, the
word “electrically connected” may include any direct or
indirect electrical connection means.

The terms “about”, “substantially”, “equal”, or “same”
generally mean within 20% of a given value or range, or
mean within 10%, 5%, 3%, 2%, 1%, or 0.5% of a given
value or range.
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Although terms such as first, second, third, etc., may be
used to describe diverse constituent elements, such constitu-
ent elements are not limited by the terms. The terms are used
only to discriminate a constituent element from other con-
stituent elements in the specification. The claims may not
use the same terms, but instead may use the terms first,
second, third, etc. with respect to the order in which an
element is claimed. Accordingly, in the following descrip-
tion, a first constituent element may be a second constituent
element in a claim.

The technical features in different embodiments described
in the following may be replaced, recombined, or mixed
with one another to constitute another embodiment without
departing from the spirit of the present disclosure.

A blue light organic light-emitting diode emits blue light
or white light by mixing. White light can be achieved by
mixing blue light with other colors of light. For example, a
binary system in which blue light is mixed with yellow light,
or a ternary system in which blue light is mixed with red
light and with green light. Generally in a binary system or
in a ternary system, a blue light organic light-emitting diode
in association with a corresponding color conversion layer
may be used to generate light of other colors, such as red
light, yellow light, or green light. In addition, white light
organic light-emitting diodes may also be used to directly
emit white light.

If a blue light organic light-emitting diode is matched with
a green light wavelength conversion layer, the green light
wavelength conversion material in the green light wave-
length conversion layer, such as a quantum dot conversion
material, can convert blue light of a shorter wavelength into
green light of a longer wavelength. If the green light
wavelength conversion material fails to completely convert
all the blue light into green light of a longer wavelength, it
may results in the unconverted blue light remaining in the
output green light, so that the output light is not pure green
light and the color quality of the output light is deteriorated.
If the green pixels use poor pigments or dyes or a combi-
nation thereof, the intensity of the output green light is
reduced or the green color becomes impure. A display device
disclosed in the present disclosure may improve the color
quality of the output light, or improve the green light
intensity of the output light.

FIG. 1A is a cross-sectional view of a structure of the
display device 101 according to an embodiment of the
present disclosure. The display device 101 may include a
substrate 110, a pixel definition layer (PDL) 120, at least one
light-emitting layer 132, a plurality of color conversion
elements, a plurality of color filter layers, and a polarizer
160, but the present disclosure is not limited thereto. The
substrate 110 may have two opposite sides, such as a first
surface 111 and a second surface 112, and the light-emitting
layer 132 is disposed on the first surface 111 of the substrate
110, but it is not limited thereto. The embodiment of the
present disclosure illustrates a bottom-emission type display
device 101, and the color conversion elements and the color
filter layers are respectively disposed on different surfaces of
two sides of the substrate 110, for example, respectively
disposed on the first surface 111 and on the second surface
112. The light which is generated by the light-emitting layer
132 travels toward the substrate 110 and leaves the substrate
110 from the second surface 112 to display an image or a
picture.

The substrate 110 may be a rigid transparent substrate or
a flexible transparent substrate, and the material of the
substrate 110 may be an organic material or an inorganic
material. The pixel defining layer 120 may be disposed on
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the first surface 111 of the substrate 110 to define a plurality
of pixels, for example, to define the locations of the red
pixels 121, the green pixels 122, the blue pixels 123, and the
white pixels 124, but the present disclosure is not limited
thereto. The light-emitting layer 132 may be used to gener-
ate light of a predetermined wavelength, such as blue light,
a binary system mixing blue light with yellow light, or a
ternary system mixing blue light with red light and with
green light, but the present disclosure is not limited thereto.
FIG. 1A illustrates an embodiment of the binary system in
which blue light is mixed with yellow light, so the light-
emitting layer 132 may include a blue light-emitting layer
130 and a yellow light-emitting layer 131. When the main
light-emitting materials of the light-emitting layer 132 is an
organic light-emitting material, the light-emitting layer 132
may also include other film layers which facilitate the
emission of light, such as (but not limited to) a hole injection
layer (HIL), a hole transport layer ((HTL), a light emission
layer (EL), an electron transport layer (ETL), an electron
injection layer (EIL), and/or a charge generation layer
(CGL), but this disclosure is not limited thereto. In addition,
the light-emitting layer of the display device 101 may be
electrically connected to the first electrode layer 133 and the
second electrode layer 134. The first electrode layer 133 may
be one of a cathode and an anode, and the second electrode
layer 134 may be the other one of the cathode and the anode.

A plurality of color conversion elements may be respec-
tively and correspondingly disposed on the light-emitting
side below the plurality of pixels. For example, the color
conversion elements may include a red light wavelength
conversion layer 140 and a green light wavelength conver-
sion layer 141, but the present disclosure is not limited
thereto. There is no need to arrange a color conversion
element in the blue pixel 123 or in the white pixel 124, but
the present disclosure is not limited thereto. For example
(but not limited to) a blue light wavelength conversion layer,
an optical adjustment layer, a transparent layer or other
suitable materials may be provided on the light emitting side
below the blue pixel 123 as required. Or, an optical adjust-
ment layer, a transparent layer or other suitable materials
may be provided on the light emitting side below the white
pixel 124 as required. The color conversion element may be
a wavelength conversion element to adjust the wavelength
of the output light of the display device 101, but the present
disclosure is not limited thereto. For example, the color
conversion element may include, but is not limited to,
quantum dots, a phosphor material, a fluorescent material, a
pigment, a dye, scattering particles, or a color filter layer.
The quantum dots may be composed of semiconductor
nanocrystalline structures, such as CdSe, CdS, CdTe, ZnSe,
ZnTe, ZnS, HgTe, InAs, Cd, ,Zn,Se, S, CdSe/ZnS, InP,
and GaAs, but the present disclosure is not limited thereto.

When the quantum dots are excited by the input light, the
input light may be accordingly converted into the emission
light of other colors. The colors of the emission light may be
adjusted by changing the materials, the sizes, or the shapes
of the quantum dots. In some embodiments, the quantum
dots may include spherical particles, rod-shaped particles, or
particles having any other suitable shapes, as long as a
suitable quantum dot material may be selected to serve as the
color conversion element for light conversion. The color
conversion element may be used to output visible light. For
example, the color conversion element may output blue
light, cyan light, green light, yellow light, red light, or a
combination thereof, but the present disclosure is not limited
thereto. In the present disclosure, the output light passing
through the light path of the color filter layer may be
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regarded as the visible light of various display devices to be
received by a user (observer).

The color filter layers may be respectively and corre-
spondingly disposed on the light-emitting sides below dif-
ferent pixels, for example, there may be a red color filter
layer 150, a green color filter layer 151, and a blue color
filter layer 152, but the present disclosure is not limited
thereto. There may be no need to arrange a color filter layer
for the white pixels 124, or a transparent material layer 153
or other suitable materials may be provided at corresponding
positions, but the present disclosure is not limited thereto.
Each color filter layer may include a suitable color material.
For example, the green color filter layer 151 may include a
green material, and the green material may include a green
pigment or a green dye, or a combination thereof, but the
present disclosure is not limited thereto. The green pigment
may comprise a material included a metal component
selected from a group consisting of copper and zinc. For
example, the green pigment may be C.I. Pigment Green 36,
C.I. Pigment Green 58, or a combination thereof, but the
present disclosure is not limited thereto. The polarizer 160
may be used to adjust the quality of the output light. In this
embodiment, there may be a light-shielding layer 154 (or a
black matrix, BM) provided between the adjacent red color
filter layer 150, the green color filter layer 151, and the blue
color filter layer 152. The material of the light-shielding
layer 154 may include, for example, a black material, a black
photoresist, a black printing ink, a black resin, other suitable
materials, or a combination of the above materials, but the
present disclosure is not limited thereto.

The color conversion element corresponding to each pixel
and to the color filter layer form a light path (as shown by
the arrow), so that the light path passes through the corre-
sponding wavelength conversion layer and then passes
through the corresponding color filter layer. For example,
the green light path 161 may go from the light-emitting layer
132 through the green light wavelength conversion layer 141
and through the green color filter layer 151. In other words,
the green color filter layer 151 including a green material
may be provided at the light exit of the green light wave-
length conversion layer 141 of the green pixel 122.

The display device 101 may include a transistor 162 to
control the on/off state of the light-emitting layer 132. The
transistor 162 may be, for example, a thin film transistor
(TFT), but the present disclosure is not limited thereto. The
thin film transistor may be used as a switching element for
driving a light emitting element in the display device 101.
The thin film transistor may include a semiconductor layer
162C, a drain electrode 162D, a source electrode 162S, and
a gate electrode 162G. The semiconductor layer 162C
includes a semiconductor material, for example, the semi-
conductor material may include amorphous silicon or low
temperature poly silicon, or a metal oxide material, for
example, an indium gallium zinc oxide (IGZO). In some
embodiments, different transistors 162 may include different
semiconductor materials, but the present disclosure is not
limited thereto. The drain electrode 162D and the source
electrode 162S are respectively electrically connected to a
part of the semiconductor layer 162C. The gate electrode
162G is separated from the semiconductor layer 162C by a
gate dielectric layer 163. The gate clectrode 162G, the
source electrode 162S, and the drain electrode 162D may
include a conductive material (such as a metal, but the
present disclosure is not limited thereto). The structure of the
thin film transistor shown in FIG. 1A is for illustration
purposes only, not for limiting the possible types or struc-
tures of the thin film transistor disclosed herein, so any other
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6

suitable thin film transistor structure may be used instead of
the thin film transistor shown here.

The display device of the present disclosure is not limited
to the above embodiments. The following continues to
disclose other embodiments or variations of the present
disclosure. In order to simplify the description and point out
the differences between the embodiments or variations, the
same elements are labeled with the same reference numerals
in the following, and similar details will not be mentioned
again. In addition, the materials and thickness of each film
layer and the conditions of the process steps in the subse-
quent embodiments of the present disclosure may refer to
the above embodiments for the details, and therefore the
details may not be described again.

FIG. 1B is a cross-sectional view of a structure of the
display device 102 according to a variation of the above
embodiment of the disclosure. FIG. 1B illustrates a bottom-
emitting type display device 102. A plurality of color con-
version elements and a plurality of color filter layers may be
respectively and correspondingly disposed on the same
surface of the substrate 110, for example, may be respec-
tively and correspondingly disposed on the first surface 111.
In other words, the red color filter layer 150, the green color
filter layer 151, and the blue color filter layer 152 may be
disposed between the substrate 110 and the light-emitting
layer 132.

FIG. 2 is a cross-sectional view of a structure of the
display device 103 according to another embodiment of the
present disclosure. The display device 103 is a top-emission
type display, and may include a substrate 110, a pixel
defining layer 120, a light-emitting layer 132, a plurality of
color conversion elements, a plurality of color filter layers,
a light-shielding isolation layer 170, and a cover layer 180,
but the present disclosure is not limited thereto. The sub-
strate 110 may have two opposite sides, such as a first
surface 111 and a second surface 112. In the display device
103 of the disclosed embodiment, a plurality of color
conversion elements and a plurality of color filter layers may
be respectively and correspondingly disposed on the same
surface of the substrate 110, for example, respectively and
correspondingly disposed on the first surface 111, and the
light-emitting layer 132 is disposed between the color con-
version elements and the substrate 110, or between the color
filter layers and the substrate 110.

A plurality of color conversion elements in the display
device 103 may include a red light wavelength conversion
layer 140 and a green light wavelength conversion layer 141.
A plurality of color filter layers may include, for example, a
red color filter layer 150, a green color filter layer 151, and
a blue color filter layer 152 which are respectively and
correspondingly disposed above the light-emitting layer 132
of the pixel 121, of the pixel 122, of the pixel 123, and of
the pixel 124 to form a stack structure in which a red light
wavelength conversion layer 140 is disposed between the
red color filter layer 150 and the light-emitting layer 132, the
green light wavelength conversion layer 141 is disposed
between the green color filter layer 151 and the light-
emitting layer 132, and the blue color filter layer 152 is
disposed between the transparent material layer 142 and the
light-emitting layer 132. The light-shielding isolation layer
170 may be used to define the positions of the red light
wavelength conversion layer 140, of the green light wave-
length conversion layer 141, of the transparent material layer
142, and of the red color filter layer 150, of the green color
filter layer 151, of the blue color filter layer 152, or to reduce
the possibility of material overflow during the manufactur-
ing process of the color conversion element precursor and
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the color filter layer precursor. The material of the light-
shielding isolation layer 170 may be, for example, a black
material, a black ink, or a black resin material, but the
present disclosure is not limited thereto. A thin film encap-
sulation protection layer 181 may be formed by using a thin
film encapsulation (TFE) method, so that the thin film
encapsulation protection layer 181 may cover or protect the
display device 103. The cover layer 180 may be used to
protect various elements in the display device 103 and
reduce the influence or the damage of the external environ-
ment.

The color conversion element and the color filter layer
which correspond to each pixel form a light path, so that the
light path passes through the corresponding color conversion
element and through the corresponding color filter layer. For
example, the upward green light path 161 may pass through
the green light wavelength conversion layer 141, the green
color filter layer 151, and the cover layer 180.

In the structure of an organic light-emitting diode com-
bined with quantum dots, it is necessary to diminish the
disadvantage which involves that the green color filter layer
151 has considerable transmittance in the blue light band to
cause blue light leakage so as to reduce the possibility of
blue light leakage of the green pixels 122 if the green pixel
122 is needed to emit pure green light. The pure green light
which is mentioned in this disclosure may have different
wavelength ranges according to different specifications. For
example, according to the specifications of DCIP 3, the
maximum peak wavelength of green light is 537 nm, and the
wavelength range is between 535 nm (nanometer) and 540
nm. Or alternatively, according to the specifications of Rec
2020, the maximum peak wavelength of green light is 532
nm, but the present disclosure is not limited thereto. In
addition to reducing the blue light leakage of the green pixel
122, it is also possible to improve the transmission spectrum
of'the green color filter layer 151 to be substantially the same
as the emission spectrum of the green light wavelength
conversion layer 141.

FIG. 3 is a schematic diagram showing a comparison of
the wavelength versus transmittance of the green color filter
layer after the improvement and the green color filter layer
before the improvement in the display device according to
the embodiment of the present disclosure. In the structure of
the organic light-emitting diode combined with quantum
dots, an appropriate yellow material may be added to the
color filter layer close to the light output of the color
conversion element if the green pixel needs to output purer
green light, that is, to reduce the blue light leakage of the
green pixel. The yellow material may include a yellow
pigment, a yellow dye, or a combination thereof, but the
present disclosure is not limited thereto. The dotted line in
FIG. 3 represents the transmittance (%) relative to the
wavelength of the green color filter layer before the
improvement. It can be observed that the green color filter
layer before improvement has obvious transmittance for
light in the range between 380 nm and 480 nm, so blue light
leakage occurs.

The solid line in FIG. 3 represents the transmittance (%)
relative to the wavelength of the green color filter layer in
the improved display device according to the above embodi-
ments of the present disclosure. It can be observed in FIG.
3 that the light with a wavelength ranging from 380 nm to
450 nm is basically difficult to pass through the green color
filter layer in the display devices of the above-mentioned
embodiments of the present disclosure, so the green color
filter layer in the display devices according to the above
embodiments of the present disclosure basically has a lower
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blue light transmittance or has no substantial blue light
transmittance within this blue light band range. Therefore,
by adding a yellow material to the green color filter layer of
the above embodiments of the present disclosure, the trans-
mittance of the blue light can be reduced, and the leakage of
the blue light can be reduced. In such a way, the green pixels
in the display device of the present disclosure are capable of
outputting green light much closer to pure green color.

The green material which is suitable for the green color
filter layer of the present disclosure may be a green pigment,
for example, including C.I. Pigment Green 36, C.1. Pigment
Green 58, or a combination thereof, but the present disclo-
sure is not limited thereto. These green pigments may
comprise a material included a metal component, and the
metal component may be selected from a group consisting of
copper and zinc. The yellow material which is suitable for
the green color filter layer in the present disclosure may be
a yellow pigment, for example, including C.I. Pigment
Yellow 138, C.I. Pigment Yellow 150, or a combination
thereof, but the present disclosure is not limited thereto.

After the yellow material is added to the green color filter
layer, the blue light transmittance in the range of the blue
light band becomes lower to reduce the leakage of blue light.
If too much yellow material is added, the output light
efficiency of the green pixels may be reduced. Therefore, the
adjustment of the amount or of the ratio of a weight of the
yellow material may improve the luminous efficiency of the
green pixels. On the contrary, if insufficient yellow material
is added, the amount or the ratio of a weight of the yellow
material is too small to reduce the leakage of blue light,
possible to reduce the output light efficiency of green pixels,
and blue light leakage may occur, to result in the pollution
of pure green color. Therefore, by adjusting the mixing ratio
of a weight of the green material and the ratio of a weight
of the yellow material to a total weight of the green material
and the yellow material, it is possible to improve the quality
of the output light, and the leakage of blue light may be
reduced, while the green pixels may output green light of
better purity.

FIG. 4 is a schematic diagram showing the relationship
between the peak value of the maximum transmittance of the
green light wavelength and the different mixing ratios of a
weight of the green material to a total weight of the green
material and the yellow material in the green color filter
layer of the display device according to the embodiment of
the present disclosure. It is observed in FIG. 4 that the peak
value of the maximum transmittance of the green light
wavelength of the green color filter layer accordingly
changes when the ratio of a weight of the green material to
a total weight of the green material and the yellow material
changes. For example, when the green material is C.I.
Pigment Green 36, the ratio of a weight of the green material
to a total weight of the green material and the yellow
material with the peak value of the maximum transmittance
at 530 nm is 60%. In other words, the ratio of a weight of
the yellow material to a total weight of the green material
and the yellow material is 40%. Corresponding to different
peak values of the highest transmittance of the green light
wavelengths, the respective ratio of a weight of the green
materials and of the yellow materials to a total weight of the
green material and the yellow material may be from 80%
and 20% to 40% and 60%, but the present disclosure is not
limited thereto. When the green material is C.I. Pigment
Green 36, the relationship between the peak value of the
maximum transmittance (C, the unit is nm) of the green light
wavelength and the mixing ratio (Y) of the green material
can be described by the following formula:

Y=-1.85C+1039
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Therefore, by adjusting the ratio of a weight of the green
material to a total weight of the green material and the
yellow material, the peak value of the maximum transmit-
tance of the green light wavelength of the green color filter
layer may be substantially the same as the peak value of the
emission of the green light wavelength conversion layer
141, which may improve the purity of the output light, or
improve the green light intensity of the output light. In some
embodiments, the ratio of a weight of the green material to
a total weight of the green material and the yellow material
is adjusted so that the peak value of the maximum trans-
mittance of the green light wavelength of the green color
filter layer is between 520 nm and 540 nm, that is, substan-
tially the same as the peak value of the emission of the green
light wavelength conversion layer 141 between 520 nm and
540 nm to improve the green light intensity of the output
light of the display device. In some embodiments, by
adjusting the ratio of a weight of the green pigment to a total
weight of the green pigment and the yellow pigment, or the
ratio of a weight of the green pigment to a total weight of the
green pigment and the yellow dye, or the ratio of a weight
of the green dye to a total weight of the green dye and the
yellow pigment, or the ratio of a weight of the green dye to
a total weight of the green dye and the yellow dye, the peak
value of the maximum transmittance of the green light
wavelength of the green color filter layer may be substan-
tially the same as the peak value of the emission of the green
light wavelength conversion layer 141 to improve the purity
of the output light or to improve the green light intensity of
the output light.

FIG. 5 is a schematic diagram showing the relationship
between the peak value of the maximum transmittance of the
green light wavelength and the different mixing ratios of a
weight of the green material to a total weight of the green
material and the yellow material in the green color filter
layer of the display device according to the embodiment of
the present disclosure. It is observed in FIG. 5 that the peak
value of the maximum transmittance of the green light
wavelength of the green color filter layer accordingly
changes when the ratio of a weight of the green material to
a total weight of the green material and the yellow material
changes. For example, when the green material is C.L
Pigment Green 58, the ratio of a weight of the green material
to a total weight of the green material and the yellow
material with the peak value of the maximum transmittance
at 530 nm is 67%. In other words, the ratio a weight of the
yellow material to a total weight of the green material and
the yellow material is 33%. Corresponding to different peak
values of the maximum transmittance of the green light
wavelengths, the respective ratio of a weight of the green
materials and of the yellow materials to a total weight of the
green material and the yellow material may be from 80%
and 20% to 50% and 50%, but the present disclosure is not
limited thereto. When the green material is C.I. Pigment
Green 58, the relationship between the peak value of the
maximum transmittance (C, the unit is nm) of the green light
wavelength and the mixing ratio (Y) of the green material
can be described by the following formula:

Y=-1.3C+756

Therefore, by adjusting the ratio of a weight of the green
material to a total weight of the green material and the
yellow material, the peak value of the maximum transmit-
tance of the green light wavelength of the green color filter
layer may be substantially the same as the peak value of the
emission of the green light wavelength conversion layer
141, which may improve the purity of the output light, or
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improve the green light intensity of the output light. Please
refer to the above descriptions for the procedures for the
adjustment of the green material and the yellow material so
the details are not elaborated again.

FIG. 6A is a schematic flow of a method for manufac-
turing a filter layer by a coating process for a bottom-
emitting type display device according to one embodiment
of the present disclosure. This embodiment illustrates that
the green color filter layer is formed at last, but the present
disclosure is not limited thereto. First, some parts of the
structure may have been formed in the display device 104 in
advance. For example, in the display device 104, a plurality
of color conversion elements including a red light wave-
length conversion layer 140 and a green light wavelength
conversion layer 141, and a plurality of color filter layers, for
example, a red color filter layer 150 and a blue color filter
layer 152, which correspond to the positions of the red pixel
121, the green pixel 122, the blue pixel 123 and the white
pixel 124 may be formed on the carrier 115, and may be
respectively disposed above the corresponding red pixel 121
and the blue pixels 123. The blue pixel 123 may be provided
with a blue light wavelength conversion layer, or with a
transparent material layer 142 without the need of providing
a color conversion element, but the present disclosure is not
limited thereto. There is no need to provide the white pixel
124 with a color conversion element, or a transparent
material layer 142 may be provided, but the present disclo-
sure is not limited thereto. Each pixel, such as the red pixel
121, the green pixel 122, the blue pixel 123, and the white
pixel 124, may be defined by the pixel definition layer 129.

The substrate 110 may be disposed on a plurality of color
conversion elements and cover the color conversion ele-
ments. A plurality of color filter layers, such as the red color
filter layer 150 and the blue color filter layer 152, may be
respectively disposed on the substrate 110 and arranged with
respect to pixels of various colors. There is no need to
provide the white pixel 124 with a color filter layer, or a
transparent material layer 153 may be correspondingly pro-
vided, but the present disclosure is not limited thereto. There
may be a thin film transistor (not shown) formed on the
substrate 110, but the present disclosure is not limited
thereto. The predetermined location 155 of the green color
filter layer will be provided with a green color filter layer
151 in a subsequent step. In this embodiment, a light-
shielding layer 154 (or a black matrix layer, BM) may be
provided between the adjacent red color filter layer 150, the
green color filter layer 151, the blue color filter layer 152,
and the transparent material layer 153. The materials of the
light-shielding layer 154 may include, for example, a black
material, a black photoresist, a black printing ink, a black
resin, other suitable materials, or a combination of the above
materials, but present disclosure is not limited thereto.

First, the green color filter layer material 156 may be
coated on the color filter layers, for example, the green color
filter layer material 156 is used to cover the color filter layers
and fill in the predetermined location 155 of the green color
filter layer. The process for coating the green color filter
layer material 156 may be a slit coating color filter layer
material or a spin coating color filter layer material, but the
present disclosure is not limited thereto.

The green color filter layer material 156 of the present
disclosure may include a polymeric material monomer, a
photoinitiator, a solvent, an additive, a dispersing agent, and
a color material composition, but the present disclosure is
not limited thereto. The color material composition may
include a green material and a yellow material, but the
present disclosure is not limited thereto. The green material
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may include a green pigment or a green dye, or a combi-
nation thereof, but the present disclosure is not limited
thereto. The green pigment may comprise a material
included a metal component, and the metal component may
be selected from a group consisting of copper and zinc. The
green pigment may include, for example, C.I. Pigment
Green 36, C.I. Pigment Green 58 or a combination thereof,
but the present disclosure is not limited thereto. The yellow
material of the present disclosure may include a yellow
pigment or a yellow dye, or a combination thereof, but the
present disclosure is not limited thereto. The yellow pigment
of the present disclosure may include, for example, C.I.
Pigment Yellow 138, C.I. Pigment Yellow 150, or a com-
bination thereof, but the present disclosure is not limited
thereto. In the color material composition including the
green material and the yellow material, the ratio of a weight
of the green material to a total weight of the green material
and the yellow material may be greater than or equal to 40%,
and less than or equal to 80%.

Then, with the aid of the mask 159, an ultraviolet light
curing process may be used to carry out an exposure step to
cure the green color filter layer material 156, so that the
green color filter layer material 156 disposed at the prede-
termined location 155 of the green color filter layer is cured.
The mask 159 may have a pattern, such as an opening 159a,
to assist the green color filter layer material 156 to be
disposed at the predetermined location 155 of the green
color filter layer and to be cured by the ultraviolet light.
Next, a development step is carried out to remove the green
color filter layer material 156 which is not cured by the
ultraviolet light, while leaving the green color filter layer
material 156' which is cured by the ultraviolet light. The
process conditions of the development step to remove the
green color filter layer material 156 which is not cured by the
ultraviolet light may be at a temperature between 20° C. and
26° C.

To be continued, a suitable thermal curing method may be
used to carry out a thermal curing step to cure the green color
filter layer material 156' which is disposed at the predeter-
mined location 155 of the green color filter layer and has
been cured by the ultraviolet light to form the green color
filter layer 151. The process conditions of the thermal curing
step may be, for example, baking a green color filter layer
material 156' which has a thickness about 1 um (micrometer)
to 12 um and has been cured by the ultraviolet light at a
temperature between 70° C. and 240° C. to form the green
color filter layer 151. After the above steps, the green color
filter layer 151 with the added yellow material of the present
disclosure is obtained.

FIG. 6B is a schematic flow of a method for manufac-
turing a color filter layer by a coating process for a top-
emitting type display device according to another embodi-
ment of the present disclosure. This embodiment illustrates
that a green color filter layer is formed at last, but the present
disclosure is not limited thereto. First, some parts of the
structure of the display device 105 in FIG. 6B may have
been formed in advance and may be similar to the display
device 104 in FIG. 6A. The main difference between the two
is that the color conversion element and the color filter layer
are disposed on the same side of the substrate 110, so the
similar structural parts will not be elaborated again.

In this embodiment, a plurality of color conversion ele-
ments are provided on the substrate 110 in advance, and
light-shielding layers 154 may be provided between the
adjacent red light wavelength conversion layers 140, the
green light wavelength conversion layers 141, and the
transparent material layers 142. The material of the light-
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shielding layer 154 may be the same as those described
above, and details are not elaborated again.

Thereafter, a red color filter layer 150, a blue color filter
layer 152, and a transparent material layer 153 are respec-
tively disposed on the red light wavelength conversion layer
140, the transparent material layer 142, and the transparent
material layer 142. After that, the green color filter layer
material 156 may be coated on a plurality of color filter
layers and on a plurality of color conversion elements, for
example, the green color filter layer material 156 may cover
the color filter layers and the color conversion elements
accordingly, and fill in the predetermined location 155 of the
green color filter layer. The process for coating the green
color filter layer material 156 may be similar to those as
described above, and details are not elaborated again.

The material composition of the green color filter layer
material 156 for forming the green color filter layer 151 in
this embodiment, as well as the process and conditions of
exposure, development, and curing in this embodiment, may
be similar to those as described above, and details are not
elaborated again.

FIG. 7A is a schematic flow of a method of manufacturing
a filter layer by an inkjet printing process for a bottom-
emitting type display device according to another embodi-
ment of the present disclosure. This embodiment illustrates
that a green color filter layer is formed at last, but the present
disclosure is not limited thereto. First, some parts of the
structure may have been formed in the display device 106 in
advance. For example, in the display device 106, a plurality
of color conversion elements including a red light wave-
length conversion layer 140 and a green light wavelength
conversion layer 141 and corresponding to the positions of
the red pixel 121, the green pixel 122, the blue pixel 123 and
the white pixel 124, may be formed on the carrier 115. The
blue pixel 123 may be provided with a blue light wavelength
conversion layer, or with a transparent material layer 142
without the need of providing a color conversion element,
but the present disclosure is not limited thereto. There may
be no need to provide the white pixel 124 with a color
conversion element or a transparent material layer 142 may
be provided, but the present disclosure is not limited thereto.
Each pixel, such as the red pixel 121, the green pixel 122,
the blue pixel 123, and the white pixel 124, may be defined
by the pixel definition layer 129.

The substrate 110 may be disposed on a plurality of color
conversion elements and cover the color conversion ele-
ments. A plurality of color filter layers, such as the red color
filter layer 150 and the blue color filter layer 152, may be
respectively disposed on the substrate 110, and correspond
to pixels of various colors, such as the red pixels 121 and the
blue pixels 123, to be accommodated within the space which
is defined by the light-shielding isolation layer 170. There
may be no need to provide the white pixel 124 with a color
filter layer, or a corresponding transparent material layer 153
may be provided, but the present disclosure is not limited
thereto. A thin film transistor (not shown) may be formed on
the substrate 110, but the present disclosure is not limited
thereto. The predetermined location 155 of the green color
filter layer which is defined by the light-shielding isolation
layer 170 may be provided with a green color filter layer 151
in a subsequent step. In this embodiment, between the
adjacent red color filter layer 150, the green color filter layer
151, the blue color filter layer 152 and the transparent
material layer 153, a light-shielding isolation layer 170 may
be provided and the material of the light-shielding isolation
layer 170 may include, for example, a black material, a black



US 11,963,421 B2

13

photoresist, a black printing ink, a black resin, other suitable
materials or a combination of the above, but present disclo-
sure is not limited thereto.

Next, the green color filter layer material 156 may fill in
the predetermined location 155 of the green color filter layer
by an inkjet printing process. The use of the inkjet printing
process is beneficial to omit the use of a mask, to simplify
the method of manufacturing the green color filter layer 151,
and to reduce the amount of materials for use in the method.

The green color filter layer material 156 of the present
disclosure may include a polymeric material monomer, a
photoinitiator, a solvent, an additive, a dispersing agent, and
a color material composition, but the present disclosure is
not limited thereto. The color material composition may
include a mixture of a green material and a yellow material,
but the present disclosure is not limited thereto. The green
material may include a green pigment or a green dye, or a
combination thereof, but the present disclosure is not limited
thereto. The green pigment may comprise a material
included a metal component, and the metal component may
be selected from a group consisting of copper and zinc. The
green pigment may include, for example, C.I. Pigment
Green 36, C.I. Pigment Green 58 or a combination thereof,
but the present disclosure is not limited thereto. The yellow
material of the present disclosure may include a yellow
pigment or a yellow dye, or a combination thereof, but the
present disclosure is not limited thereto. The yellow pigment
of the present disclosure may include, for example, C.I.
Pigment Yellow 138, C.I. Pigment Yellow 150, or a com-
bination thereof, but the present disclosure is not limited
thereto. In the color material composition including the
green material and the yellow material, the ratio of a weight
of the green material to a total weight of the green material
and the yellow material may be greater than or equal to 40%,
and less than or equal to 80%.

Then, the green color filter layer material 156 may be
cured by carrying out a curing step using an appropriate
thermal curing process, so that the green color filter layer
material 156 disposed in a predetermined location 155 of the
green color filter layer may be cured to form the green color
filter layer 151. The process conditions of the thermal curing
process may be, for example, baking the green color filter
layer material 156 of a thickness about 1 pm to 12 um at a
temperature between 70° C. and 240° C. to cure the green
color filter layer material 156. In addition to thermal curing,
the green color filter layer material 156 may also be cured by
using ultraviolet light. After the above steps, the green color
filter layer 151 with the added yellow material of the present
disclosure may be obtained.

To be continued, a thin film encapsulation method may be
used to form the thin film encapsulation protection layer
181, so that the thin film encapsulation protection layer 181
may cover or protect the display device 106. Furthermore,
the carrier 115 may be removed to obtain the display device.

FIG. 7B is a schematic flow of a method of manufacturing
a color filter layer by an inkjet printing process for a
top-emitting type display device according to another
embodiment of the present disclosure. This embodiment
illustrates that a green color filter layer is formed at last, but
the present disclosure is not limited thereto. First, some parts
of the structure of the display device 107 in FIG. 7B may be
formed in advance and similar to the display device 106 in
FIG. 7A. The main difference between the two is that the
color conversion element and the color filter layer are
disposed on the same side of the substrate 110, so the similar
structural parts will not be elaborated again.
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In this embodiment, a plurality of color conversion ele-
ments are disposed on the substrate 110, then the red color
filter layer 150, the blue color filter layer 152, and the
transparent material layer 153 are respectively disposed on
the red light wavelength conversion layer 140, the transpar-
ent material layer 142 and the transparent material layer 142.

After that, similar to the steps described above, the green
color filter layer material 156 may fill in the predetermined
location 155 of the green color filter layer by an inkjet
printing process. Please refer to the above for the procedures
and advantages of the inkjet printing process and the details
are not elaborated again.

The material composition of the green color filter layer
material 156 for forming the green color filter layer 151 in
this embodiment, as well as the curing process and condi-
tions, may be similar to those as described above, and details
are not elaborated again.

To be continued, a thin film encapsulation (TFE) method
may be used to form the thin film encapsulation protection
layer 181, so that the thin film encapsulation protection layer
181 may cover or protect the display device 107 to obtain the
display device.

According to the display device in each embodiment of
the present disclosure, adding a yellow material to the green
color filter layer may reduce the possibility of blue light
leakage, so that the green pixels in the display device of the
present disclosure may output green light close to a purer
green color. In addition, by adjusting the ratio of a weight of
the green material to a total weight of the green material and
the yellow material in the green color filter layer, the peak
value of the maximum transmittance of the green light
wavelength of the green color filter layer may be substan-
tially the same as the peak value of the emission of the green
light wavelength conversion layer. In such a way, the blue
light leakage may be reduced, or the intensity of the green
light output from the green pixel 122 may be accordingly
improved.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the disclosure.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What is claimed is:

1. A display device, comprising:

a substrate;

a light-emitting layer disposed on the substrate;

a green light wavelength conversion layer disposed on
the light-emitting layer;

a color filter layer disposed on the green light wave-
length conversion layer;

a shielding layer adjacent to the green light wavelength
conversion layer; and

a light mixed with blue light and yellow light generated
by the light-emitting layer passing through the green
light wavelength conversion layer and then passing
through the color filter layer;

wherein the color filter layer comprises a green pigment

and a yellow pigment.

2. The display device according to claim 1, wherein a ratio
of a weight of the green pigment to a total weight of the
green pigment and the yellow pigment is greater than 40%
and less than 80%.

3. The display device according to claim 2, wherein the
green pigment comprises a material selected from a group
consisting of copper and zinc.
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4. The display device according to claim 3, wherein the
green pigment is C.I. Pigment Green 36.
5. The display device according to claim 3, wherein the
green pigment is C.I. Pigment Green 58.
6. The display device according to claim 1, further com-
prising:
a metal layer electrically connected with the light-emit-
ting layer, and overlapped the shielding layer.
7. The display device according to claim 1, further com-
prising:
a protection layer disposed on the color filter layer, and
disposed in the shielding layer.
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